ABSTRACT T cells able to mediate specific delayed type hypersensitivity (DH) in mice in response to the haptens azobenzenearsonate (ABA), oxazolone (OX), and picryl chloride have been grown in continuous cultures. They were tested for their ability to react with the hapten in vitro and to induce anti-idiotype antibody in syngeneic mice. Incubation in vitro with OX-glycine blocked the ability of an anti-OX cell line to produce DH in vivo but had no effect on an anti-ABA cell line. However, this was inhibited by ABA conjugated to bovine serum albumin (ABA-alb) but not by irrelevant haptens such as OX-glycine or trinitrophenylalb. Antisera prepared by immunizing syngeneic mice with the anti-OX line blocked the inhibitory effect of OX-glycine on that line but did not reverse the effect ofABA-alb on the anti-ABA line. Neither normal mouse serum nor inappropriate anti-line antisera could influence the effect ofOX-glycine on the anti-OX line. When given alone to naive mice, a specific anti-line antiserum induced DH specific for the antigen to which the line was responsive. Thus, for example, antiserum directed to an anti-OX line produced OXspecific DH. The results suggest that anti-T-cell idiotype antibodies can be induced by immunizing mice with syngeneic antigenspecific T-cell lines and that these antibodies can block the specific in vitro interaction ofantigen with the corresponding antigen-specific T cells and induce specific DH in vivo.
T cells taken from mice painted with contact sensitizing agents and grown in continuous culture mediate delayed hypersensitivity (DH) and release interferon after stimulation with specific antigen (1, 2) . A feature ofthis reactivity is the ability ofthe cells to produce DH to antigen presented as a reactive hapten or conjugated to foreign protein. Further evidence that T cells mediating contact sensitivity recognize the hapten has been presented by Moorhead (3) who found that T cells from sensitized mice lost their ability to transfer DH when preincubated with a monovalent hapten-amino acid conjugate.
In this paper, we present evidence for this loss of reactivity after incubation with free hapten using cells from lines grown in culture for at least 6 months. Furthermore, antisera prepared in syngeneic mice against the cell lines inhibited this phenomenon. The antisera induced DH when injected into naive mice and therefore contained all the specificities required to activate T cells.
MATERIALSAND METHODS
Mice. Mice used in these studies were 6-to 12-wk-old females bred at the specific pathogen-free breeding colony of The Walter and Eliza Hall Institute.
T-Cell Lines and Culture. T-cell lines from mice painted with 2-phenyl-4-ethoxymethylene oxazolone (OX) (British Drug House, Poole, England) and picryl chloride (British Drug House) were established as described (1 (4) . After 24 hr, 10 ,ul ofcells (usually 5 x 107/ml) was injected intracutaneously into both ears. Then 24 hr later, ear thickness was measured with an engineer's micrometer and the difference between left and right ears was used as a measure of DH and compared to the response induced by normal lymph node cells. To measure DH of mice sensitized by injection of antisera, thickness of both ears was measured, and then one ear was challenged with OXand one with picryl chloride (in acetone/ dibutyl phthalate). The increase in ear thickness was measured after 24 hr.
Antisera. Cells taken from cultures 7 days after antigen stimulation were washed and the lymphocytes were isolated by Ficoll-Paque density centrifugation. After further washings, mice were injected in the footpads and two dorsal subcutaneous sites with a total of 106 cells. The same dose was then given intraperitoneally once weekly for at least 6 weeks. The cells prepared in this way all stained with biotin-labeled monoclonal anti-rat Thy-1.2 antiserum and fluorescein-coupled avidin (1) .
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RESULTS

Reaction of Cell Lines in
The effect of anti-018 antiserum was specific because it did not affect the ability ofABA-alb to inhibit the transfer ofDH by AA3 cells (Table 3) . To exclude the possibility that contaminating anti-OX specificities may have produced the observed effect, 018 cells were first incubated for 15 min at 37C with CBA anti-018 or normal CBA ascites and washed twice. The cells were then resuspended in RPMI-1640 containing OX-glycine at 40 Ag/ml, incubated for 1 hr. washed, and tested for their ability to mediate DH. Prior incubation with anti-018 still blocked the inhibitory effect of OX-glycine (Table 3) . For experiments 1, 3, and 4, cells (5 x 106/ml) were incubated at 370C for 15 min with antisera and then antigen was added and incubation was continued for 1 hr on ice. Then, 4 x 105 cells were injected into groups of four or five mice to test transfer of DH. The inhibitory effect of OX-glycine (40 ,tg/ml) was blocked by 1:20 dilution of CBA anti-018 antiserum compared to normal CBA ascites or A/J anti-AA3 antiserum (P < 0.001, experiment 1). ABA-alb (1 ,ug/ml) produced significant inhibition of AA3 responses in the presence of CBA anti-018 (P < 0.02, experiment 3; andP < 0.05, experiment 4) but not A/J anti-AA3. For experiment 2, cells were incubated in 1:20 dilution of anti-018 antiserum, washed twice, and then incubated with OXglycine at 40 pg/ml. The anti-018 antiserum blocked the effect of OX-glycine (P < 0.001). Results are shown as mean ± SEM.
DISCUSSION
Recently we cultured cell lines from mice painted with contact sensitizing agents and showed that they mediated hapten-specific DH as well as other functions (1, 2) . We now report that sera from mice injected with syngeneic hapten-specific T-cell lines induced specific DH when injected into syngeneic mice and inhibited an interaction ofthe cell line with antigen in vitro. The active specificities in the antisera are likely to be antiidiotypic.
To demonstrate a direct interaction of syngeneic anti-idiotype and T cells, a recently described phenomenon was first examined. Transfer of DH by cells taken from mice sensitized to contact sensitizers was shown by Moorhead (3) to be abrogated by preincubating the cells in vitro with monovalent hapten-amino acid conjugates or hapten-protein conjugates. This inhibition was temperature independent, took 30 min to complete, required divalent cations, and was reversible (3). Although we have not studied details ofthe mechanism, we show here, by using T-cell lines cultured for 6 months, that the activity of the cells that mediate DH to either OX or ABA can be blocked by incubation on ice with OX-glycine or ABA-alb, depending on the antigen specificity of the cell line. This also agrees with our previous report that T-cell lines grown from mice sensitized with OX or picryl chloride mediate DH to the haptens independently oftheir carriers. However, hapten specificity is not in obvious agreement with reports that cytotoxic T-cell clones appear to recognize antigen-modified cells as variations of major histocompatibility molecules (8) .
The effect of syngeneic anti-T cell antiserum on the in vitro interaction with hapten conjugates was studied by preincubating the cells with anti-idiotype for 15 min at 37°C before addition of antigen. The antisera at a 1:20 dilution completely blocked the effect of the hapten. Normal serum or antisera against an inappropriate cell line had no effect, and antiserum effective at reversing the inhibitory effect of one line did not affect another. We consider it unlikely that the blocking activity in the serum resulted from antibodies with specificities directed against hapten or hapten-self complexes induced by antigen or antigen-presenting cells contaminating the Ficoll-Paque T-cell preparation. T cells that first were incubated in anti-cell line antiserum and washed before addition of the hapten were still refractory to the effects ofsoluble hapten. Furthermore, the fact that anti-cell line antiserum was active in inducing DH in vivo at a 1:80 dilution is best explained in terms of an anti-idiotypic activity. This specific anti-idiotype effect shows that anti-idiotype and purified T cells can interact directly. A direct inhibitory effect of the anti-idiotype alone on the transfer of DH by the cell line was not observed, presumably because the suppressor T cells required for this effect (9) were absent from our cell lines.
Anti-idiotypic activity has been observed in serum raised against major histocompatibility complex alloantigen-reactive clones by using an F1 anti-(parent anti-F1) protocol (10) . Interestingly, this serum could react directly with T cells and could induce appropriate T-cell clones to proliferate. This is in general agreement with our studies although we used syngeneic immunization with hapten-specific cell lines and showed that antiidiotype not only interacts directly with T cells in vitro but also induces DH in vivo.
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